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Abstract
Background Endoscopic inguinal hernia repair was intro-
duced in the Netherlands in the early 1990s. The authors’
institutionwasamongtheﬁrsttoadoptthistechnique.Inthis
study, long-term hernia recurrence among patients treated
by the total extraperitoneal (TEP) approach for an inguinal
hernia is described. A cohort study was conducted.
Methods Between January 1993 and December 1997, 346
TEP hernia repairs were performed for 318 patients. After a
mean follow-up period of 13-years, a senior resident
examined each patient. An experienced surgeon subse-
quently examined the patients with a diagnosis of recurrent
hernia. Data were collected on an intention-to-treat basis,
meaning that conversions were included in the analysis.
Univariant tests were used to analyze age older than
50 years, chronic obstructive pulmonary disease, body mass
index, smoking habit, hernia type, history of open hernia
repair, conversion, and surgeon as potential risk factors.
Results The analysis included 191 patients (62%) with
213 hernias. Of the original 318 patients, 59 patients died,
and 68 were lost to follow-up evaluation. Perioperatively,
105 lateral, 55 medial, and 53 pantalon hernias were
observed. Of the 213 hernias, 176 were primary and 37
were recurrent. The overall recurrence rate was 8.9% (8.5%
for primary and 10.8% for recurrent hernias). Of the total
study group, 48% of the patients experienced a bilateral
inguinal hernia during their lifetime. No predicting factor
for recurrent hernia could be identiﬁed.
Conclusions The current long-term results for TEP repair
of primary and secondary inguinal hernia show an overall
recurrence rate of 8.9%, which is slightly higher than in
previous studies. The thorough examination at follow-up
assessment, the learning curve effect, and the intention-to-
treat-analysis may have inﬂuenced the observed recurrence
rate. Also, the percentage of bilateral hernias was higher
than known to date. Therefore, examination of the con-
tralateral side should be standard procedure.
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Endoscopic inguinal hernia repair was introduced in the
Netherlands in 1991 [1], initially with the transabdominal
preperitoneal polypropylene (TAPP) approach, followed
shortly thereafter by the total extraperitoneal (TEP)
approach [2–4]. Previously, we reported on the medium-
term results for the ﬁrst cohort of our patients [5, 6].
Currently, TEP repair is the preferred technique for
endoscopic inguinal hernia repair in The Netherlands.
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DOI 10.1007/s00464-010-1462-7Although endoscopic inguinal hernia repair is known for its
faster recovery, earlier return to work, and thus less societal
cost than open repair [7], the 2003 Dutch guideline on
inguinal hernia repair does not consider endoscopic repair
the ﬁrst treatment option [8], similar to the 2004 National
Institute for Clinical Excellence (NICE) guideline [9]. For
primary hernias, the Lichtenstein inguinoplasty is recom-
mended. The TEP repair is recommended for bilateral
hernia and for recurrent hernia when an anterior technique
has been used for the primary repair.
In experienced hands, TEP also can be considered for
primary hernia repair. This advice is based on the sug-
gested complexity of endoscopic repair and the higher in-
hospital cost for a unilateral operation. Additionally, some
authors have described a long learning curve [10–12]. In
experienced hands, however, favorable results for the
endoscopic technique have been reported [10].
In the Netherlands about 30,000 groin hernias are
repaired annually. Optimizing the surgical technique and
reducing the recurrence rate have a major socioeconomic
impact. This report describes the long-term recurrence rate
after TEP for a cohort of patients who underwent surgery
before presentation of the Dutch guidelines.
Materials and methods
A cohort of TEP patients was selected who had surgery at
least 10 years previously after the ﬁrst learning curve of 30
procedures per surgeon. Between January 1993 and
December 1997, 318 patients underwent 346 hernia repairs.
Bilateral hernias and those perioperatively converted to a
transabdominal or open approach were included in the
study.
Three surgeons performed all except one of the opera-
tions. Two of these surgeons changed hospital of employ-
ment during the study period. The three surgeons
performed an average of 1 or 2 procedures a week.
The operative technique has been described previously
[18]. Through an infraumbilical incision, the ipsilateral
anterior rectus sheath was opened. A balloon trocar was
used to dissect the preperitoneal space. A blunt-tip trocar
with carbon dioxide (CO2) insufﬂation and a 08 laparo-
scope were introduced into the preperitoneal space. The
lateral dissection was performed mainly under direct vision
using the laparoscope. Two additional trocars were subse-
quently introduced: one 10 mm inferomedial to the anterior
superior iliac spine and one 5 mm in the midline one-third
of the distance from the umbilicus to the pubic bone.
The pubic bone and the epigastric vessels were iden-
tiﬁed. Dissection of the preperitoneal space was caudally
2 to 3 cm behind the pubic bone, medially a few cen-
timeters across the midline, and craniolaterally close to
the anterosuperior iliac spine. Laterally, the nerves run-
ning on the ileopsoas muscle were carefully avoided. The
peritoneal reﬂection was reduced 8 to 10 cm cranially
from the internal inguinal opening to avoid getting the
peritoneum caught between the mesh and the spermatic
cord.
A1 09 15-cm polypropylene mesh (Prolene; Ethicon
GmbH) was introduced into the preperitoneal space, cov-
ering the inguinal ﬂoor. Mesh ﬁxation was incidentally
performed with tacks in case of a very large medial defect.
Under vision, maintenance of the correct mesh position
during CO2 desufﬂation was checked. The anterior rectus
sheath was closed with 2–0 polyglactin sutures (Vicryl;
Ethicon GmbH).
The following parameters were recorded: age, gender,
body mass index (BMI), operating surgeon, hernia loca-
tion, operation time, use of drains or prophylactic antibi-
otics, peri- and postoperative complications, and duration
of hospital stay. The majority of patients had surgery in day
care and were allowed to mobilize as soon as they felt up to
it. No speciﬁc restrictions with regard to mobilization or
exercise were given. Patients were seen in the outpatient
clinic at regular intervals during the ﬁrst 2 years.
For this study, all patients were contacted by mail and
invited for a visit to the outpatient clinic. If they did not
respond to a second mailing, they were contacted by tele-
phone, or an effort was made to obtain their current address
from their general practitioner or insurance company. Of
the original 318 patients, 59 had died and 68 were lost to
follow-up, either because they had moved and had an
untraceable new address or because they declined the
invitation.
Consequently, 191 patients with 213 TEPs were inclu-
ded in the study. History was taken, and the ﬁrst author
(AB-K), a senior resident, performed physical examination.
All the patients answered a questionnaire, reporting pre-
and postoperative complaints and possible risk factors such
as a smoking habit, chronic obstructive pulmonary disease
(COPD), abdominal aortic aneurysm, obstipation, and
prostatism. In case patients had already undergone surgery
for a recurrent hernia, the data for this operation were
collected.
Examination was performed with the patient supine and
standing, with and without the Valsalva maneuver. In this
way, asymptomatic recurrences could be detected. A
recurrence was deﬁned as clear bulging of the abdominal
wall along the course of the inguinal canal or from the
exterior inguinal ring, with reposition at relaxation.
Patients with a diagnosis of asymptomatic recurrent
hernia or asymptomatic contralateral primary hernia were
subsequently examined by an experienced surgeon (L.S.),
and the diagnosis was conﬁrmed by a radiologist (N.R.)
using abdominal ultrasound.
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Univariate analysis was performed to identify potential risk
factors for the development of hernia recurrence after TEP.
When a variable met the univariate criterion (p\0.1, v
2
test), the variable was considered further for multivariable
logistic regression analysis, with recurrent hernia as the
dependent variable. A p value less than 0.050 was con-
sidered signiﬁcant. Analyses were performed using SPSS
version 14.0 (SPSS, Chicago, IL, USA) (Tables 1 and 2).
Results
This study enrolled 191 patients (186 men and 5 women)
with 213 TEPs (including 13 synchronic bilateral proce-
dures and 9 metachronic bilateral procedures), for a follow-
up rate of 62%. The mean age at surgery was 51 years
(range, 19–72 years), and the mean BMI was 24.9 kg/m
2
(range, 18.9–30.3 kg/m
2).
Perioperatively, 105 lateral, 55 medial, and 53 pantalon
hernias were observed. Of the 213 hernias, 176 were pri-
mary and 37 recurrent. There were 97 right sided, 90 left-
sided, and 13 bilateral hernias. The mean follow-up period
was 13 years. The overall recurrence rate was 8.9%: 8.5%
(15/176) for primary and 10.8% (4/37) for recurrent her-
nias. Of the 19 recurrences, 9 (8.5%) were asymptomatic,
as identiﬁed during follow-up evaluation. The remainder
had already been corrected surgically.
Tables 1 and 2 present the patients’ demographics and
the general operation characteristics. The results of the
univariate analysis also are presented in Tables 1 and 2.
No predictor variable met the inclusion criteria for
multivariate analysis. Therefore, this analysis was not
performed.
The Kaplan Meyer curve in Fig. 1 illustrates a steady
increase in the incidence of recurrent hernias throughout
the 13-year follow-up period. Two distinct periods with a
higher incidence of recurrence can be identiﬁed: the ﬁrst
3 years and the last year. The ﬁrst peak resembles a true
phenomenon because these recurrences were diagnosed
mostly during the period when patients still were seen
frequently at the outpatient clinic. Diagnosis of asymp-
tomatic recurrences due to the study protocol caused the
second peak.
Almost half of the patients (n = 92, 48%) experienced
the development of a bilateral inguinal hernia during their
lives. Of these 92 patients, 74 had undergone surgery
before or after their TEP repair. The remaining 18 cases
were found during the follow-up period. Only 19 patients
had a synchronous bilateral correction (6 open and 13
TEP). Open correction of the contralateral side was per-
formed for 36 patients, 34 of whom had the correction
before the TEP procedure. A total of 19 patients had a
contralateral TEP procedure after the previous ipsilateral
TEP repair. The 18 asymptomatic patients found during the
follow-up period did not undergo surgery.
As shown by Fig. 2, the odds for the development of a
bilateral hernia are highest in the ﬁrst 15 years after the
Table 1 Patients’ demographics and results of the univariant v
2
analysis
n Recurrence
n (%)
v
2
(95% CI)
Gender
Male 208 19 (9.1)
Female 5 0
Smoking 68 6 (8.8)
BMI: mean (range) 24.9 (20.3–30.3) 25.1 (22.0–28.7)
Age at operation
[50 years
107 13 (12.1) 0.231
Abdominal aortic
aneurysm
30
COPD 17 3 (17.6) 0.188
Prostatism 32 3 (9.4)
Obstipation 16 1 (6.2)
CI conﬁdence interval, BMI body mass index, COPD chronic
obstructive pulmonary disease
Table 2 Operation characteristics compared between total group and
recurrence group and results of the univariant v
2 analysis
n Recurrence
n (%)
v
2
(95% CI)
Total no. of patients 213 19 (8.9)
Medial 55 7 (13)
Type of hernia
Lateral 105 9 (8.5) 0.816
Pantalon 53 4 (7.5)
Type of hernia
Recurrent 37 5 (13.5) 0.657
Primary 176 15 (8.5)
Side
Left 90 6 (6.7)
Right 97 12 (12.4)
Bilateral 13 1 (7.8)
Mean operation time (min) 45 50
Operator
Surgeon 1 79 5 (5.2) 0.307
Surgeon 2 42 6 (14.2)
Surgeon 3 91 6 (6.5)
Rest 1 1
Operation
Antibiotics 86 8 (9.3)
Conversion 13 2 (15.4)
CI conﬁdence interval
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123appearance of the ﬁrst hernia (rate ratio, 0.08). During the
follow-up period, 27 asymptomatic hernias (recurrent after
TEP or contralateral) were found. These hernias were
conﬁrmed either by physical examination performed by an
experienced surgeon (L.S.) or by ultrasound if necessary.
Of the 191 patients, 187 (98%) would recommend the TEP
to other patients for correction of an inguinal hernia.
Discussion
To date, information on the long-term results after TEP is
sparse. Most studies provide short- or medium-term results,
with recurrence rates ranging from 2% to 6% [7, 13–16].
Recently, Surgical Endoscopy published a 10-year follow-
up study with favorable recurrence rates of 4% after pri-
mary and 11% after recurrent hernia repair [17]. These
results may be biased by selection because the data origi-
nated from specialist centers. Moreover, physical exami-
nation was not standard for all the subjects during the
follow up period. Therefore, asymptomatic patients may
not always be identiﬁed. Moreover, patients for whom the
TEP procedure was converted to a TAPP or open correc-
tion were not included in these studies.
The current study is the ﬁrst to report on a 13-year fol-
low-up period after TEP endoscopic inguinal hernia repair.
Fig. 1 Kaplan–Meier curve
indicating the percentage of
recurrence-free patients:
manifestation of recurrence over
time for 213 inguinal hernias
treated by total extraperitoneal
(TEP) procedure
Fig. 2 Kaplan–Meier curve
indicating the percentage of
patients with a unilateral
inguinal hernia in a cohort of
191 patients treated by total
extraperitoneal (TEP)
procedure. T time in years
Surg Endosc (2011) 25:1624–1629 1627
123The overall recurrence rate was 8.9%. We observed an 8.5%
recurrence rate after primary repairs and a 10.8% rate for
recurrent hernias. Furthermore, a gradual increase in
recurrences over the years was noted. Short-term (2 years)
recurrence rates after TEP, as found in large randomized
controlled trials, vary from 2 to 10.1% [10, 18]. This rise
also is illustrated by comparison with a previous report on a
subgroup of the patients from the current cohort who had
surgery between January 1993 and July 1995.
Our recurrence rate of 8.5% for primary hernias is
consistent with the ﬁgures published by Neumayer et al.
[10] and, as mentioned earlier, could have been anticipated
from our previous study results [5, 6]. Nevertheless, the
recurrence rate for this cohort may be considered some-
what high compared with other reports. The Dutch [8] and
NICE [9] Guidelines of 2003 and 2004 considered endo-
scopic repair equal to anterior mesh repair in terms of the
risk for recurrence. Neumayer et al. [10], however, showed
a recurrence rate of 4.8% for the open mesh group. The
aforementioned report on nonendoscopic hernia repair [19]
found a 1% recurrence rate in the mesh group after
10 years. Another retrospective series on long-term results
after TEP [17] reported a 4% recurrence rate after primary
repair with a 10-year follow-up period.
Our recurrence rate may be explained by the following
factors. First, the study population was a cohort of all
consecutive patients who had surgery between January
1993 and December 1997. When the operation was con-
verted to TAPP or an anterior approach, the patients still
were included on an intention-to-treat principle. If these
patients were excluded, the recurrence rates would be
8.5%: 7.7% for the primary and 12.5% for the recurrent
repair group. In most other studies, no physical examina-
tion is performed, or it is given only to symptomatic
patients. If the asymptomatic hernias were excluded, our
overall recurrence rate would be 4.7%: 4% for primary and
8.1% for recurrent hernias.
The second factor is the possible inﬂuence of a learning
curve effect. Previously, the learning curve has been shown
to comprise 30 endoscopic repairs [20]. Meanwhile, the
curve has been suggested to include as many as 250 pro-
cedures [10]. Clearly, experience increases with the num-
ber of procedures performed. The three surgeons in this
study had performed more than 30 procedures each but
fewer than 100. The more frequent recurrences in the ﬁrst
3 years (Fig. 1) may illustrate the learning curve, as
described earlier [5]. A learning curve effect is also sug-
gested by the aforementioned report of Staarink et al. [17].
Two of the surgeons started performing endoscopic
hernia repair in the early 1990s. They were initially trained
by an international proctor. Further experience was gained
by attending national and international workshops and by
performing operations with both surgeons on the team. The
third surgeon started this surgery some years later and was
fully trained by Dutch proctors.
Performing TEP repair for both primary and recurrent
hernias is not in conﬂict with the Dutch guidelines. In the
ﬁrst place, the operations were performed several years
before the guideline was issued. Second, although in gen-
eral the guideline promotes the Lichtenstein repair as the
ﬁrst choice treatment for primary repairs, endoscopic sur-
gery is considered a good technique in experienced hands.
The surgeons in the current study can be considered as
meeting this criterion, having adopted the technique in its
early days with a steadily increasing number of operations
performed each year.
Unfortunately, a large number of patients died or were
lost to follow-up evaluation. This phenomenon is well
known from long-term inguinal hernia studies [17, 19]. Our
reports would of course have gained in accuracy with more
complete follow-up evaluation.
In The Netherlands, the mesh usually is not ﬁxed. The
short-term results for this technique were favorable [18],
and all other Dutch reports are based on the same tech-
nique. In the United States, meshes are more often ﬁxed.
Whether the high incidence of recurrence reported by
Neumayer et al. [10] occurred despite mesh ﬁxation is not
mentioned in the study. As described earlier, we only
incidentally used ﬁxation of the mesh with tacks. This was
performed when a large medial hernia defect was present
and migration of the mesh edge into the defect was con-
sidered a risk. Whether standard ﬁxation of the mesh would
positively inﬂuence long-term results remains to be seen.
We did not observe a relation of smoking habit, COPD,
type of hernia, age older than 50 years, BMI, and surgeon
who performed the operation to the risk of recurrence. This
contrasts with other studies showing that age older than
50 years [21] and smoking [22] are signiﬁcant risk factors.
However, the number of patients in our subgroups were
relatively small, which may have concealed an effect.
A remarkably high percentage (48%) of bilateral hernias
was observed in our patients. The contralateral hernia
presented before or during the follow-up period. Our
ﬁndings, as illustrated by Fig. 2, suggest that the contra-
lateral occurrence appears especially during the ﬁrst
15 years after presentation of the ﬁrst hernia,. Additional
attention and thorough examination of the symptomatic
and asymptomatic sides at presentation and during follow-
up evaluation may help to show these, and appropriate
treatment should be discussed with the patient.
Conclusions
The current long-term results of TEP repair for inguinal
hernias show an overall recurrence rate of 8.9%. This
1628 Surg Endosc (2011) 25:1624–1629
123percentage is slightly higher than in previous studies with
shorter follow-up evaluation and higher than the percent-
ages published previously by other investigators. The
explanation may be a learning curve effect, thorough
physical examination at follow-up assessment, or patient
inclusion in the analysis on the intention-to-treat principle.
The bilateral hernia percentage of 48% is higher than
known from the literature to date. Therefore, contralateral
examination at the initial presentation or during follow-up
evaluation seems indicated.
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